Abstract
Introduction
Smart Home is one of the main research fields of pervasive computing. Smart home can provide context-aware services to homeowners by using sensor, modeling, reasoning, and other technologies. Context-aware is a key research issue of Smart Home. The definition of context varied from different researchers [1, 2, 4, 6, 21, 22] , Dey [2] defined context as any information that can be used to characterize the situation of an entity.
How to effectively use different types of context information [3] to provide contextaware service is a core issue, which requires context modeling technology. A good context model can not only well characterize the features of context information, but also support context reasoning to obtain high-level context [3, 5] .
Ahn [6] defined context as a set of interrelated events, which can be classified into discrete events and continuous events. There are a lot of context information types in the Smart home environment, such as people, resource, system, and some discrete events. The Petri Net (PN) is suitable for modeling context in Smart Home environment as it has the ability of modeling dynamic systems, discrete-event systems, and concurrent systems [7] . UML is an Object-Oriented Modeling Language [15] , which can facilitate the requirement analysis when design systems.
In this paper, we propose a hybrid context-aware modeling approach based on UML and CPN. This approach uses UML Activity Diagram to describe the context-aware service logic, and then maps the UML Activity Diagram into CPN. The rest of this paper is organized as follows. Section 2 reviews the related work. Section 3 presents the proposed modeling approach, Section 4 models a Smart Home scenario using the proposed apporach, and Section 5 draws the conclusion.
Proposed Modeling Approach
Context-aware System is a dynamic, concurrent system [9, 14] in which context information is changing dynamically. When design Context-aware Systems, PN is an effective approach as it can verify formally, simulate dynamically [5, 14] . CPN can model complex dynamic system because CPN not only inherits the properties of the basic PN, but also has properties such as color set, and guard functions. UML can facilitate the requirement analysis in an intuitively way, and clearly describe the logic of the system [25] . UML Activity Diagram as a Dynamic Modeling Diagram, can model concurrent system. The researchers as mentioned in Section 2 mainly focused on PN or CPN modeling approach. Bettini et al. [3] suggested that different modeling approaches need to be integrated with each other in order to satisfy the requirements for context modeling.
In this paper, we propose a hybrid modeling approach based on UML and CPN. This approach integrates the merits of UML and CPN, avoids "deadlock", and allows formal verification.
Definition of CPN
A non-hierarchical Colored Petri Net is a nine-tuple [16] .
[Definition 1]: CPN= (P, T, A, ∑, V, C, G, E, I), where: 1. P is a finite set of places.
2. T is a finite set of transitions T such that
is a set of directed arcs.
4.  is a finite set of non-empty color sets.
5. V is a finite set of typed variables such that
is a color set function that assigns a color set to each place.
7.
is a guard function that assigns a guard to each transition t such
is an arc expression function that assigns an arc expression to each arc a such that
, where p is the place connected to the arc a.
9.
is an initialization function that assigns an initialization expression to each place p such that
Mapping Rules from UML Activity Diagram to PN/CPN
Many researchers have been researched how to map UML 2.0 Activity Diagram into PN/CPN. Figure 1 shows the mapping rules from UML Activity Diagram to PN/CPN [17] [18] [19] . Figure 2 shows a sub-model of Smart Car environment which was proposed in [8] , this model has some problems such as "confusion" and "conflict". These problems may cause "deadlock" of this model because the logic of the system in [8] was not understood clearly. To resolve this issue, we can use UML to model the logic of the system, and then map the UML model into PN. Figure 3 shows the UML Activity Diagram (the loop component of Figure 2 ), and Figure 4 shows the revised PN model. 2) PN can verify formally, and find error logics of the UML model through dynamic simulation. UML can better describe the logic of the system, but cannot simulate dynamically.
At the early stage of this research work, we used UML Activity Diagram to model the Fire-alarm scenario, as shown in Figure 5 . After we mapped it into CPN model as shown in Figure 6 , we simulated the model, and then we found the wrong logic. The wrong logic is that when one of the three types of context information doesn't satisfy the reasoning rule, the transition will be loop until the context information satisfy the rule, and the other two transitions will be waiting. The right logic is that the three transitions are concurrent, and if the reasoning rule is not satisfied, all of the three transitions ought to be repeated. Combine UML and CPN can merge the merits of these two approaches, and avoid the limitations of each one. So, it is an effective approach to model context-aware system.
Case Study
Smart Home Scenarios include leave home scenario, go home scenario, sleep scenario, etc. Each Scenario has several concurrent operations. In this paper, leave home scenario Service is modeled using the proposed approach.
Service Logic Model Based On UML Activity Diagram
Leave home scenario has two concurrent operations: open fire detection system and open security system. Each concurrent operation also has several concurrent operations (detect temperature, detect smog, etc.).
UML Activity Diagram is suitable for represents these concurrent operations. Figure 7 shows leave home scenario model based on UML Activity Diagram using StarUML. This model is divided into three systems: homeowner, fire detection system and security system. , the first element represents the state of the system and the concurrent sub-systems, the second element represents whether the alarm of the system is launched successfully.
The place in the leave home scenario model represents context, sensors (temperature sensor, gas sensor, etc.,) are considered as resource context which can generate Primary Context information [1] . Resource constraint is one of the context modeling requirements [5] . In this model, operations are not compete resources with each other. So, we do not consider constraint on resources. The places of Figure 8 are listed in Table 2 . The transitions represent operations, and the guard functions represent the inference rules. The arcs represent the relationship between context and operations, the arc from place to transition sends the required context information to the operation, and the arc from transition to place sends the generated context information to the context. In order to simulate these concurrent operations, random functions
Te m r a n , Re s ( ) are used in this model. We restrict the temperature from 10℃ to 80℃, and we suppose the threshold of the temperature is 50℃. The function .
( ) Te m r a n is used to simulate the detected temperature, and the function Re s ( ) is used to simulate the alarm signal of the smog and the noxious gas sensor. If the value of the smog or noxious gas is over a certain threshold, the value of Re s ( ) is true. The inference rule is
. If the rule is not satisfied, the environment will be continually detected.
Verification
As shown in Figure 8 , the leave home scenario model has two concurrent services. These two concurrent services are independent from each other and they have similar functions. So, we can simply verify the sub-model in order to get the properties of the entire model. In this paper, we use CG (Coverability Graph) [23, 24] to verify the Firealarm sub-model, and use State Space Report [16] to verify the entire leave home scenario model.
[Definition 2]:
,
CG V E 
, where:
is a set of reachable markings, each marking is a onedimensional vector which represents the number of tokens that each place has after the enabled transition fired. If There is only one "deadlock" 8 M which is the end marking in the sub-model. In 8 M , all the Context-aware Service operations are executed successfully, the rest of things are the business of homeowner and firefighters. So, there is no "deadlock" during the execution of the operations.
So, we can conclude that the entire leave home scenario model is bounded, reachable, and no "deadlock" during the execution of the operations. In order to verify this conclusion, we use CPN Tools to generate State Space Report of this model.
The State Space Statistics of the State Space Report are listed in Table 4 . There are 10309 Nodes and 26826 Arcs in State Space, 6968 Nodes and 20243 Arcs in Scc (Strongly-connected-component) Graph. This means that the model has finite Nodes, Arcs, and cycles. This is correct due to the randomness of the temperature and other context information which were used in this model. We can also find a cycle in Figure 10 . The Boundedness Properties are listed in Table 5 . The entire leave home scenario model is bounded because the Upper of the numbers is 2, and the Lower is 0. 
Conclusion
In this paper, we have proposed a Smart Home Context-aware modeling approach based on UML and CPN. UML can not only facilitate requirement analysis when design Context-aware Systems, but also effectively avoid "deadlock" when only use PN. A possible shortcoming of UML is that it cannot verify the system dynamically and formally. CPN is an appropriate approach to model Context-aware system due to the formal verification, dynamic simulation, and other properties. But when model complex system, CPN may cause "deadlock" or "conflict" as the requirement analysis of the system is not understood clearly. The proposed modeling approach combines the merits of these two approaches, effectively avoids "deadlock", and verifies the model formally.
Support context reasoning is one of the requirements of context modeling, and context reasoning is another key feature of Context-aware System. So we will focus on the context reasoning technology based on this modeling approach in the further work.
